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A B S T R A C T

Background: The Grand Magal of Touba is the largest Muslim pilgrimage in Senegal with a potential for in-
fectious disease transmission.
Methods: Clinical follow-up, adherence to preventive measures and qPCR-based respiratory and gastrointestinal
pathogens carriage pre- and post-Magal, were assessed.
Results: 110 pilgrims from South Senegal were included. The duration of stay in Touba was 3 days. 41.8% and
14.5% pilgrims reported respiratory and gastrointestinal symptoms. Most individuals having the onset of
symptoms during their stay in Touba, or soon after returning. The acquisition of rhinoviruses, coronaviruses and
adenovirus was 13.0, 16.7 and 4.6% respectively and that of Streptococcus pneumoniae and Haemophilus influ-
enzae was 3.7% and 26.9%.

Acquisition of gastrointestinal viruses and parasites was low, while bacterial acquisition ranged from 2.2% for
Campylobacter jejuni to 33.0% for enteropathogenic Escherichia coli.
Conclusion: This preliminary study confirms that Grand Magal pilgrims are likely to be exposed to communic-
able disease risk as observed in other pilgrimage settings. Further study including larger numbers of pilgrims are
needed to investigate potential risk factors for respiratory and gastrointestinal infections at the Grand Magal.

1. Introduction

The Grand Magal is at once a religious ceremony and a festival.
About 4–5 million Mourid participate to the celebration each year,
coming from across Senegal and the surrounding countries, as well as
from countries outside Africa, making this event the largest Muslim
religious mass gathering in West-Africa. The two central events of the
Magal are visits to the Great Mosque of Touba, which involves a partial
circumambulation of the mosque, and to the mausoleum of Cheikh
Ahmadou Bamba. Pilgrims also visit the mausoleums of several other
important Mouride leaders who were descendants of the Cheikh. The
Mosque area is a secluded place surrounded by walls, within the city.
The access to the Mosque area is allowed to everyone (including

tourists) but flows are regulated by security staffs. In addition, pilgrims
visit places in Touba that are associated with the holy life of the Cheikh,
including the "Well of Mercy," a spring which sacred water is reputed to
be able to heal all sorts of illnesses and misfortune. A visit to the central
library of Touba which contains the writings of the Cheikh and other
influential Mouride theologians, and to the Mouride University are
among the other places visited by pilgrims. Finally, pilgrims visit their
personal Mouride spiritual guides, or Marabouts who receive their
followers in their personal residence in the city. Recitation of the Koran
and spiritual introspection complete these religious activities. During
the Grand Magal period, in addition to the religious celebrations, in-
tense cultural activity takes place including conferences, seminaries,
and debates between representatives of various Muslims communities
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from Senegal and from the diaspora. Recitation of poems by Ahmadou
Bamba, and collective hymn-singing sessions are organized at night, in
the streets, under large open tents. Informally, pilgrims also visit
Touba's large temporary marketplace, one of the biggest in the country
where a wide range of products can be found with prices lower than
those of any other market in Senegal.

During this period, pilgrims are accommodated in private housing
structures since there are no hotels in Touba. These houses can be re-
sidences of local inhabitants, where family members living in different
parts of Senegal or who have emigrated outside the country, come to-
gether during the Magal period, or Marabout houses with a capacity
that can be up to hundreds of individuals. Many pilgrims sleep on
carpets, on the floor, into the houses or on outside terraces.

Food is prepared collectively by family members or by Marabout
followers. Slaughtering of animals is mostly done in the streets, in front
of housing structures. Different community associations of Mouride
disciples (dahiras) are responsible for feeding the pilgrims through free
provision of food in the streets and along the roads to Touba. The
Senegalese government also provides some technical support.

Medical care is provided free of charge during the Grand Magal.
Most of the available local public medical infrastructures are involved
in the medical preparation, surveillance and response during the event
[1]. As an example, three tertiary care and four secondary care hospi-
tals (total bed capacity of 481) and about 300 primary healthcare
centers and 50 private structures in Touba and surrounding cities were
mobilized in 2015. The vast majority of the medical staffs taking care of
patients during the Grand Magal are nurses, midwives and volunteer
community health agents. Overall, 78 medical doctors were mobilized
during the Grand Magal 2015, many of them coming from Dakar to
temporarily reinforce the local staff.

Based on the registers of consultations carried out in the public
health structures of the region, we evaluated the number and the profile
of morbidity observed during the pilgrimage of 2015 among 32,229 in
and out-patients [1]. The most frequent complaints were fatigue (12%)
followed by trauma (11%) and heatstroke (11%). Infectious diseases
have also been highly reported, including febrile systemic illnesses
(5%) and rapid-test confirmed malaria (3%), diarrheal diseases (5%),
respiratory tract infection symptoms (5%) and ear, nose and throat
infection symptoms (5%). Microbiological investigation of these infec-
tions was not conducted in most cases.

The objective of the present preliminary descriptive study was to
evaluate the prevalence of respiratory and gastrointestinal symptoms
and the carriage of pathogens commonly associated with these symp-
toms among pilgrims before and after their stay in Touba.

2. Materials and methods

The complementary Fig. 1 details the procedure of this study.

2.1. Study population

A convenience sample of pilgrims participating in the Grand Magal
2017 was surveyed by a longitudinal prospective cohort study that was
conducted from November 4th to November 23rd, 2017. Inhabitants of
two villages: Dielmo (13°43′ 22.07″ N, 16°24′40.09″ W) and Ndiop
(13°41′08.01''N, 16°23′01.01″ W), located in Fatick region, South
Senegal were included. Villages are divided in concessions where in-
dividuals from a same family live in close contact. The population in the
villages was 991 (510 Ndiop and 481 Dielmo) in 2017, including about
50% Mourides, part of whom did not travel to Touba because of limited
financial resources. All pilgrims participating to the 2017 Magal in
these villages were invited to participate in our study and were iden-
tified by the nurses in charge of the primary health care centers in both
villages. At inclusion, the pilgrims were questioned using a standar-
dized questionnaire. This questionnaire addressed demographics,
chronic medical conditions and vaccination status against influenza. In

Touba, pilgrims were housed in different concrete houses; three groups
in three family houses and others in different Marabout houses. Health
issues occurring during and after the Magal, were recorded by a nurse
who travelled with the group of pilgrims. Housing location in Touba
and use of preventive measures (face mask, disposable handkerchiefs,
hand washing with soap hand disinfectant) were investigated by
questionnaires during the stay in Touba. The consumption of antibiotics
was also documented through post-travel questionnaires. Influenza like
illness (ILI) was defined as the association of cough, sore throat and
fever [2]. Diarrhea was defined by at least three loose or liquid stools
per day.

2.2. Sample collection

The procedure included systematic throat, nasal and stool swabs,
1–3 days before departing from the villages (pre-Magal specimens) and
3–6 days following return (post-Magal specimens). Respiratory samples
were collected with commercial rigid cotton-tipped swab applicators
(Medical Wire & Equipment, Wiltshire, UK) that were inserted in the
anterior nose or in the oro-pharynx, and then placed in viral transport
media (Sigma Virocult®). Participants provided stools samples in sterile
containers. Investigators secondary collected small amounts of stools
using swab applicators, placed in viral transport media (Sigma
Virocult®). This standard procedure was previously explained to the
pilgrims by the investigators. Swabs were kept at 4 °C before being
transported to the Dakar laboratory for storage in a −80 °C freezer
within 48 h of collection and subsequently transferred to Marseille on
dry ice for being processed.

2.3. Identification of respiratory and gastrointestinal pathogens

2.3.1. Respiratory specimens
The EZ1 Advanced XL (Qiagen, Hilden, German) with the Virus Mini

Kit v2.0 (Qiagen) was used for the DNA and RNA extraction from the
respiratory samples according to the recommendation of the manu-
facturer. All quantitative real-time PCR were performed using a C1000
Touch™ Thermal Cycle (Bio-Rad, Hercules, CA, USA). Positive results of
bacteria or virus amplification were defined as those with a cycle
threshold (CT) value ≤ 35. Negative control (PCR mix) and positive
control (DNA from bacterial strain or RNA from viral strain) were in-
cluded in each run.

2.3.2. Identification of respiratory virus
Human coronavirus (HCoV) and human para-influenza virus (HPIV)

were detected by one-step duplex quantitative RT-PCR amplifications of
HCoV/HPIV-R Gene Kit (REF: 71-045, Biomérieux, Marcy l’Etoile,
France), according to the manufacturer's recommendations. The
Multiplex RNA Virus Master Kit (Roche Diagnostics, France) was used
to detect influenza A, influenza B, human rhinovirus, human en-
terovirus, metapneumovirus, respiratory syncytial virus, adenovirus
and internal controls MS2 phage by one-step simplex real-time quan-
titative RT-PCR amplifications [3].

2.3.3. Identification of respiratory bacteria
Real-time PCR amplifications were carried out by using

LightCycler® 480 Probes Master kit (Roche diagnostics, France) ac-
cording to the manufacturer's recommendations. The SDD gene of
Haemophilus influenzae, phoE gene of Klebsiella pneumoniae, nucA gene
of Staphylococcus aureus, lytA gene of Streptococcus pneumoniae [4], P1
gene of Mycoplasma pneumoniae [5], ctrA gene of Neisseria meningitidis
[6] and Toxin gene of Bordetella pertussis [7] were amplified with in-
ternal DNA extraction controls T4, as previously described.

2.3.4. Gastrointestinal specimens
Stool swabs were centrifuged at 4000×g for 10 min. The RNA were

extracted from 200 μL clear supernatant using the EZ1 Advanced XL
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(Qiagen, Hilden, German) with the Virus Mini Kit v2.0 (Qiagen) ac-
cording to the manufacturer's recommendation.

The DNA was extracted by semi-automated extraction. 200 μL of
rectal swabs was added to 350 μL of G2 lysis buffer (Qiagen) and glass
powder in a tube, then disrupted in a FastPrep BIO 101 apparatus
(Qbiogene, Strasbourg, France) at maximum power for 40s. The in-
cubation was at 100 °C for 10 min to allow for complete lysis. Then, the
tubes were centrifuged at 10,000 g for 1 min. Subsequently, 200 μL of
supernatant was collected in other tubes and enzymatically digested
using 20 μL of proteinase K (20 mg/mL, Qiagen), and incubated over-
night at 56 °C. The automated procedure using the EZ1 Advanced XL
(Qiagen, Hilden, German) with the DNA Tissue Kit (Qiagen) according
to the manufacturer's recommendation [8].

2.3.5. Identification of gastrointestinal virus
The Multiplex RNA Virus Master Kit (Roche Diagnosis, France) was

used for detecting hepatitis A and E virus, adenovirus, rotavirus, nor-
ovirus, astrovirus and internal controls MS2 phage by one-step simplex
real-time quantitative RT-PCR amplifications [9–11].

2.3.6. Identification of gastrointestinal bacteria and parasites
Real-time PCR amplifications were carried out using the

LightCycler® 480 Probes Master kit (Roche diagnostics, France) ac-
cording to the manufacturer's recommendations. The mapA gene of
Campylobacter jejuni, ipaH gene of Shigella spp/EIEC (enteroinvasive
Escherichia coli) [12], gene invA of Salmonella spp, gene stx1 and stx2 of
enterohemorrhagic E. coli, EAF and eae gene of enteropathogenic E. coli
(EPEC) and pCVD432 gene of enteroaggregative E. coli (EAEC) [13]
were amplified with internal DNA extraction controls TISS. The 18S
gene was used to detect Entamoeba histolytica and Giardia lamblia. Fi-
nally, gene Hsp70 was amplified to test Cryptosporidium spp. [8].

All quantitative real-time PCR to detect respiratory and gastro-
intestinal pathogens were performed using a C1000 Touch™ Thermal
Cycle (Bio-Rad, Hercules, CA, USA). Negative control (PCR mix) and
positive control (DNA from bacterial strain or RNA from viral strain)
were included in each run. A cycle threshold (CT) value ≤ 35 was used
to assess positive results of bacteria or virus amplification.

2.4. Statistical analysis

Pearson's chi-square or Fisher's exact tests were used for statistical
analyses. The acquisition of respiratory and gastrointestinal pathogens
was defined as negative before travel and positive when returning from
Touba. Prevalence of respiratory and gastrointestinal pathogens car-
riage before and after the Grand Magal, were compared using the
McNemar's Test. Percentages and comparisons were carried out using
STATA 11.1 (Copyright 2009 StataCorp LP, http://www.stata.com). A p
value of ≤0.05 was considered significant.

2.5. Ethics

Pilgrims were invited to participate on a voluntary basis.
Participants (or their parents when minors) were asked to sign a written
consent form. The protocol was approved by the National Ethic
Committee for Health Research in Senegal (SEN17/62). It was per-
formed in accordance with the good clinical practices recommended by
the Declaration of Helsinki and its amendments.

3. Results

3.1. Study population

A total of 123 pilgrims agreed to participate to the survey. Among
them, 110 participated to the Grand Magal and fully completed the
study and 13 participants cancelled their trip to Touba after inclusion in
the study. Most participants (61.8%) were from family groups from 8
different main concessions including 4 or more persons per concession
participating to the Magal, while 38.2% remaining participants tra-
velled in small groups from a same concession with 3 persons (2.7%) or
2 persons (18.2%) or alone (17.3%) (Fig. 1). Forty-eight pilgrims were
male (43.6%) and 62 female (56.4%) with a gender ratio of 0.77. The
median age was 20 years (min = 8 months, max = 75 years, inter-
quartile (15, 31 years)). Twenty-nine (26.4%) participants were chil-
dren < 15 years and 5 (4.5%) pilgrims were over 60 years of age. Most
participants were from N'Diop village (90/110, 81.8%). Chronic re-
spiratory disease was the most common comorbidity (8.2%) (Table 1).

The duration of the stay in Touba was short (3 days) and most of

Fig. 1. Distribution of pilgrims according to concession in villages and to housing location in Touba.
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pilgrims (86.4%) were housed in 7 different locations with some
overlapping between concessions (Fig. 1).

Regarding preventive measures, 46.4% of pilgrims reported
washing their hands more often than usual during the Grand Magal,
63.6% used hand gel frequently. 32.3% and 2.8% pilgrims reported
using frequently disposable handkerchiefs and face mask, respectively
during the pilgrimage. Only one pilgrim was vaccinated against influ-
enza (Table 2).

3.2. Clinical features and detection of respiratory and gastrointestinal
pathogens

3.2.1. Respiratory symptoms and pathogens
During the study period 46 (41.8%) pilgrims reported at least one

respiratory symptom with most individuals having the onset of

symptoms during their stay in Touba (20.0%) or soon after returning
(10.9%). Only 7 participants (6.4%) reported suffering from respiratory
symptoms before traveling to Touba. Median time between arrival in
Touba and onset of symptoms was 3 days. Rhinitis was the most fre-
quent symptom (30.0%), followed by cough (24.6%), sore throat
(10.0%), expectoration (4.6%) and voice failure (4.6%). However,
10.0% ill pilgrims reported fever and 1.8% ILI. Only 2.7% received
antibiotics for respiratory tract infection and none of the participants
was hospitalized. A total of 42/46 (91.3%) individuals were still
symptomatic on returning to Ndiop and Dielmo.

Pre- and post-Magal nasopharyngeal swabs were collected from all
110 and 108 (98.2%) participants, respectively. The most common
virus detected was human rhinovirus (18.2%) and human coronavirus
(18.2%), followed by adenovirus (7.3%) and influenza B virus (2.7%)
(Table 4). The global carriage of bacteria was high, ranging from 34.5%
for S. pneumoniae to 77.3% for H. influenzae. The prevalence of rhino-
viruses, coronavirus and adenovirus increased post-Magal with acqui-
sition of 13.0, 16.7 and 4.6% respectively. This increase was statisti-
cally significant for coronaviruses, p = 0.0001. Carriage of S.
pneumoniae, S. aureus and K. pneumoniae decreased following a parti-
cipation to the Magal, while that of H. influenzae significantly increased,
p = 0.03. Despite the overall decrease in bacterial carriage, the acqui-
sition of bacteria ranged from 3.7% for S. pneumoniae to 26.9% for H.
influenzae (Table 3). We found no significant difference in the pre-
valence of respiratory symptoms and in the acquisition of respiratory
pathogens according to concession and housing location in Touba
(Supplementary Tables S1 and S2).

3.2.2. Gastrointestinal symptoms and pathogens
At total of 16 (14.6%) pilgrims reported gastrointestinal symptoms

mostly during their stay in Touba (7.3%) or soon after returning (3.6%).
Only 4 participants (3.6%) reported suffering gastrointestinal symp-
toms before traveling to Touba. Vomiting was the most frequent
symptoms (9.1%) followed by diarrhea (4.6%), constipation (1.8%) and
nausea (0.9%). None of participants was hospitalized and only 2/110
(1.8%) received antibiotic for gastrointestinal symptoms. A total of 7/
16 (43.8%) of the pilgrims were still symptomatic upon their return to
the villages.

Sixty (54.5%) participants provided stool sample pre- and 69
(62.7%) post-Magal, with 45 (40.9%) paired specimens collected. Most
common viruses were adenovirus (9.5%) and norovirus (2.4%). 10.7%
individuals tested positive for G. lamblia. The global carriage of bacteria
was high ranging from 1.2% for C. jejuni to 78.6% for EAEC. Of note,
8.3% of all participants were positive for T. whipplei. Acquisition of
gastrointestinal viruses and parasites was low, while bacterial acquisi-
tion ranged from 2.2% for C. jejuni to 33.3% for EPEC (Table 4).

4. Discussion

Religious mass gatherings like the Hajj pilgrimage in Mecca, Saudi
Arabia have been associated with outbreaks of gastrointestinal infec-
tions, respiratory infections and meningitis [14], mostly due to
crowding conditions favoring the inter-human transmission of patho-
gens. The Grand Magal pilgrimage in Touba Senegal qualifies for the
WHO mass gathering definition [15]. This is the first report addressing
the morbidity in a cohort of pilgrims at the Grand Magal. Publications
about Grand Magal associated diseases are scarce. A cholera outbreak
involving 12,135 patients in the Grand Magal area occurred in
2004–2006, with a total of 29,556 cases reported over an 18-month in
the country [16]. In 2018, a dengue outbreak was associated to the
Grand Magal [17,18]. As described in the introduction, our group
provided overall figures of syndromic surveillance data during the 2015
Grand Magal. The most frequent reasons for consultation were trauma,
followed by fatigue and heatstroke. Infectious diseases were also pre-
valent with, notably, a high rate of febrile systemic illnesses and ma-
laria, diarrheal diseases, and respiratory tract infections [1].

Table 1
Characteristics of the population.

Variables n (N = 110) %

Village Dielmo 20 18.2
Ndiop 90 81.8

Concession in village 1 8 7.3
2 4 3.6
3 7 6.4
4 13 11.8
5 14 12.7
6 11 10.0
7 6 5.5
8 5 4.5
Othersa 42 38.2

Median duration of stay in Touba (interquartile) (days) 3 (3, 4)
Gender Female 62 56.4

Male 48 43.6
Age Median age (interquartile)

(years)
20 (15, 31)

Age ≤ 15 years old 29 26.4
Age > 15–45 years old 67 60.9
Age > 45–60 years old 9 8.2
Age > 60 years old 5 4.5

Chronic diseases Diabetes mellitus 1 0.9
Hypertension 2 1.8
Chronic respiratory disease 9 8.2
Chronic heart disease 2 1.8
Others 14 12.7

Housing location in
Touba

1 28 25.5
2 13 11.8
3 20 18.2
4 11 10.0
5 12 10.9
6 4 3.6
7 7 6.4
Othersa 15 13.6

a Less than 4 individuals per concession in villages or housing location in
Touba.

Table 2
Prevalence of adherence with preventive measures during the stay in Touba.

Preventives measures n (N = 110) %

Influenza vaccination 1 0.9
Face mask No 104 94.6

Sometimes 3 2.7
Often 3 2.7

Hand washing As usual 59 53.6
Much more 51 46.4

Disinfectant gel No 10 9.1
Sometimes 30 27.3
Often 70 63.6

Disposable handkerchiefs No 44 40.0
Sometimes 30 27.3
Often 36 32.7
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In our study, the population was characterized by the young age of
participants with 26.4% children and only few elderly pilgrims, in
marked contrast with the characteristics of Hajj pilgrims [19]. Indeed,
the Grand Magal is a familial event and many adult pilgrims travel with
their children. As a consequence of the young age of participants, the
prevalence of chronic conditions was low, as opposed to Hajj pilgrims
[19–23]. Also, in comparison with the Hajj pilgrimage, where pilgrims
stay in Saudi Arabia for around 3 weeks [19], we note that the duration
of stay in Touba during the Grand Magal is shorter (3 days) (Table 5).

The vaccination rate against influenza was dramatically low. The
use of face masks was rare, while 2/3 of pilgrims declared using hand
sanitizer. The overall prevalence of respiratory symptoms was high,
affecting 42% participants and a 4.8 fold increase was observed fol-
lowing the participation to the Grand Magal. This result is in line with

studies conducted at the Hajj, where 50–93% pilgrims presented re-
spiratory symptoms [24]. Gastrointestinal symptoms were less fre-
quent, affecting 15% individuals, but three times more frequent after
participation in the Grand Magal. Overall, these symptoms were rela-
tively mild leading to a low proportion of antibiotic consumption
(12.5% ill pilgrims) and no pilgrim was hospitalized. However, 91.3%
and 43.8% of pilgrims still had respiratory and gastrointestinal symp-
toms, respectively when they returned home, which can be a source of
infection for their family members. Acquisition of respiratory viruses
and H. influenzae at the Grand Magal was common, as observed in the
setting of the Hajj pilgrimage [24]. We found no evidence for increased
transmission of respiratory infections between individuals from a same
concession or from a same housing location in Touba which suggests
that respiratory infections may have resulted from contacts with the

Table 3
Prevalence of respiratory pathogens.

Respiratory pathogens Pre- and/or post-travel
N = 110

Acquisition
N = 108

Pre-travel
N = 110

Post-travel
N = 108

Pa (Post-travel versus pre-travel)

n % n % n % n %

Respiratory virus
Influenza A 0 0 0 0 0 0 0 0 NA
Influenza B 3 2.7 1 0.9 2 1.8 1 0.9 0.56
Metapneumovirus 0 0 0 0 0 0 0 0 NA
Respiratory syncytial virus 0 0 0 0 0 0 0 0 NA
Human rhinovirus 20 18.2 14 13.0 6 5.5 14 13.0 0.07
Enterovirus 0 0 0 0 0 0 0 0 NA
Adenovirus 8 7.3 5 4.6 3 2.7 6 5.6 0.25
Coronavirus 20 18.2 18 16.7 2 1.8 19 17.6 0.0001
Coronavirus HKU1 0 0 0 0 0 0 0 0 NA
Coronavirus 229E 4 3.6 3 2.8 1 0.9 3 2.8 0.32
Coronavirus NL63 10 9.1 9 8.3 1 0.9 10 9.3 0.003
Coronavirus OC43 9 8.2 9 8.3 0 0 9 8.3 0.003
Parainfluenza virus 0 0 0 0 0 0 0 0 NA

Respiratory bacteria
Staphylococcus aureus 80 72.7 15 13.9 65 59.1 50 46.3 0.03
Streptococcus pneumoniae 38 34.5 4 3.7 34 30.9 22 20.4 0.01
Haemophilus influenzae 85 77.3 29 26.9 56 50.9 69 63.9 0.03
Klebsiella pneumoniae 66 60.0 7 6.5 59 53.6 30 27.8 < 0.0001
Neisseria meningitidis 0 0 0 0 0 0 0 0 NA
Bordetella pertussis 0 0 0 0 0 0 0 0 NA
Mycoplasma pneumoniae 0 0 0 0 0 0 0 0 NA

a McNemar's test on 108 paired samples.

Table 4
Prevalence of gastrointestinal pathogens.

Gastrointestinal pathogens Pre- and/or post-travel
N = 84

Acquisition
N = 45

Pre-travel
N = 60

Post-travel
N = 69

P* (Post-travel versus pre-travel)

n % n % n % n %

Gastrointestinal virus
Hepatitis A virus 0 0 0 0 0 0 0 0 NA
Hepatitis C virus 0 0 0 0 0 0 0 0 NA
Adenovirus 8 9.5 2 4.4 6 10.0 3 4.3 0.56
Astrovirus 0 0 0 0 0 0 0 0 NA
Rotavirus 0 0 0 0 0 0 0 0 NA
Norovirus 2 2.4 1 2.2 0 0 2 2.9 0.32

Gastrointestinal bacteria
Entamoeba histolytica 0 0 0 0 0 0 0 0 NA
Giardia lamblia 9 10.7 1 2.2 8 13.3 2 2.9 0.18
Cryptosporidium spp 0 0 0 0 0 0 0 0 NA
Salmonella 5 6.0 1 2.2 1 1.5 4 5.8 1
Shigella/EIEC 10 11.9 2 4.4 5 8.3 9 13.0 0.16
EHEC 29 34.5 8 17.8 10 16.7 25 36.2 0.13
EPEC 52 61.9 15 33.3 25 41.7 38 55.1 0.22
EAEC 66 78.6 11 24.4 40 66.7 50 72.5 0.13
Campylobacter jejuni 1 1.2 1 2.2 0 0 1 1.5 0.32
Tropheryma whipplei 7 8.3 0 0 6 10.0 6 8.7 1

(*) McNemar's test on 45 paired sample.
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overall population in Touba in overcrowding areas, in and around the
Mosque rather than from intra-familiar or intra-domiciliar transmis-
sion. Our survey has several limitations, including its small sample size
and the fact that most pilgrims came from a single village. Also, the
short time between inclusion and post-Magal questionnaire adminis-
tration and testing makes it difficult to establish a formal link between
symptoms and pathogen acquisition and pilgrimage participation. An-
other limitation is that we did not investigate Mycobacterium tuberculosis
prevalence in our study. However, given the long incubation time of
tuberculosis and the short duration of stay of pilgrims in Touba, PCR-
based detection of M. tuberculosis in relation to the event would not
have been feasible. Finally, the proportion of participant who provided
paired samples of stool specimen was low. Further study including
larger numbers of pilgrims are needed to investigate potential risk
factors for respiratory and gastrointestinal infections at the Grand
Magal. Nevertheless, this preliminary study confirms that Grand Magal
pilgrims are likely to be exposed to communicable disease risk, as ob-
served in other pilgrimage settings, despite the relatively short duration
of the event.
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